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vABSTRACT
Conservation tillage systems can maximize yields in the long term without compromising the quality
of the soil for the future. The area ofno-till systems in Iowa has decreased since 1995 for reasons difficult to
explain. One reason may relate to uncertainty and expenses concerning P and K fertilizer management
practices. This project assessed the effects of fertilization and placement of P and K on grain yield and early
growth of com and soybean in no-till and chisel till systems. Long term trials were established in 1994 at five
Iowa State University research centers. Each location accommodated four separate but adjacent trials, one for
each nutrient-crop combination. These were P and K trials for com and soybean. Treatments for each nutrient-
crop combination were several combinations of four fertilization rates and three placements in no-till and chisel
till systems. The chisel tillage produced larger plants early in the growing season for both crops and nutrients.
Grain yield of com was responsive to tillage over sites and years by 187 kg ha- I with a 295-345 kg ha- I increase
in grain yield at some locations. Soybean grain yield was not affected by tillage. Although there were no
significant tillage by placement interactions, a significant tillage by fertilizer interaction showed that com yield
increases due to applications of P fertilizer were higher for no-till at one location. Phosphorus fertilization
increased early growth of com and soybean, especially when banded with the planter. Potassium fertilization
and placement did not affect early growth ofeither crop. Grain yields of com and soybean were significantly
greater when P or K fertilizers were applied at several locations. Com and soybean yields were seldom affected
by P placement. Deep-band K produced higher com yields than other placements, even in high testing soils
where no response was expected. There was no significant relationship between increases in early growth and
greater grain yield for both crops. Stratification was largely reduced when deep-band P was applied but
placement ofK fertilizer did not reduce levels of stratification. In conclusion, early growth of both crops were
greater in chisel till then for no-till. Chisel till usually produced greater com grain yield than no-till while
tillage seldom affected soybean yield. Grain yield of both crops benefited from P or K fertilizer applications.
Planter-band P was effective for increasing early growth ofcom and soybean. Deep-banded K increased com
grain yield when compared to other placements even in some high testing soils.
INTRODUCTION
The use ofconservation tillage systems can maximizing yields in the long tenn while at the same time
conserving the quality of the soil for the future. The use ofconservation tillage (no-till, mulch till, or reduced
till) has seen remarkable increases since 1989 throughout the Midwest and the United States. Between 1989
and 1997, corn planted on no-till in the Midwest increased from 6% to 17% and soybeans planted on no-till
increased from 4% to 30%. While mulch and reduced tillage trends remained moderate to steady, conventional
tillage (less than 30% residue remaining) decreased for both crops from 42% to 34% in corn and 22% in
soybeans. Iowa has seen similar trends toward conservation tillage with additional increases in no-till and
decreases in conventional till for both crops from 1989 to 1995. Iowa leads the nation with an average total
corn production of 17.9% between 1993 and 1997. The state also produces 17.3% ofthe nation's soybeans
which is ranked second behind Illinois with 17.4% (CTIC, 1998). Given the importance of Iowa for the
production of these crops, the effect of tillage systems should not be overlooked when managing Iowa soils.
Phosphorus (P) and potassium (K) fertilizers are used extensively in the Midwest for com and soybean
production. Iowa is among the leading states for phosphate and potash usage. Fertilizer usage between 1991
and 1997 has been steady with 582-786 million pounds ofpotash per year, and 489-628 million pounds of
phosphate per year. Each year an average of 77% of the planted com acres (12.5 million acres) received an
application ofP and K fertilizer. During the same period 14% ofthe planted soybean acres (8.5 million acres)
received an application ofP and K fertilizer each year. The management of rate and placement of these
fertilizers for efficient utilization by crops is an important topic for Iowa fanners (USDA-NASS, 1998).
The reason for the increasing trend toward using conservation tillage in Iowa could be explained by the
number ofbenefits for the farmer. The labor requirements for conservation tillage are reduced by fewer trips
through the field. Conservation tillage can require as little as one trip for planting compared to 2 or 3 tillage
operations plus planting for conventional tillage. Time requirements for conservation tillage can take a third of
the time as conventional tillage. The benefits to the environment may also be a factor as society is slowly
growing environmentally conscious. Reducing the exposure of the soil surface with a protective layer of crop
residue effectively reduces wind and water erosion. The result is cleaner air and water, improved soil quality of
fannland, and habitat for wildlife. The reduction of tillage also facilitates a reduction in CO2 (a greenhouse gas)
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which can be released from the soil by tillage operations (CTIC, 1998). Since 1995, however, the area of no-till
in Iowa has decreased. One reason that could explain this trend could relate to more expensive and complicated
P and K management. Proven management strategies for P and K fertilizer in conventional tillage may not
apply for conservation tillage systems. Stratification ofnutrients in conservation tillage (especially no-till) is a
concern to farmers in Iowa and throughout the Northern Com Belt. This problem is the result ofbroadcast
fertilization, nutrient cycling from subsoil layers, and the limited movement of P and K in the soil profile.
Producers have been encouraged to use expensive placements and higher fertilization rates to, for example,
eleviate an apparent early growth reduction with no-till. These practices originate from an abundance of
research projects in other states studying the problems of stratification and early growth ofcom in conservation
tillage. Researchers have found a variety of responses across location, climate, and soil types. Chisel or disk
tillage may be useful in reducing the effects of stratification by mixing soil constituents. Banding fertilizer has
the potential to increase fertilizer use efficiency and reduce losses by wind and water erosion. The objective of
this study was to examine the effects of P and K fertilization and placement on early growth and grain yield of
com and soybean managed with two conservation tillage systems in Iowa.
;:
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LITERATURE REVIEW
There are numerous differences between the tillage systems used in production agriculture. A majority
of the literature reflects on the difference between no-till, chisel (mulch) till, and conventional till (moldboard
plow). Several studies in the Com Belt have shown a wide range of yield responses in com and soybean to
tillage. Kapusta et aI. (1996) conducted a twenty year continuous-com tillage and fertility study from 1970 to
1990 in Illinois. There were four tillage systems consisting of moldboard plow, chisel plow, alternate till (2 yr.
no-till, 1 yr. moldboard plow), and no-till. Com yields were lower in no-till compared with conventional tillage
when starter or no fertilizer was applied. It was concluded that barrenness might explain the yield differences
among the tillage systems. No differences in yield were found between tillage when NPK was applied
broadcast. It was also concluded by this study and others that continuous no-till does not reduce yield. Other
studies support those conclusions by observing no yield differences between conventional till and no-till in com
despite differences in rate ofdevelopment and soil physical conditions among tillage treatments (Fortin, 1993;
Kaspar et aI., 1995). Hudak et al. (1989) observed no significant response on soybean grain yield due to tillage
(no-till, chisel, and moldboard). An example of a study that did find a response in soybean is the work by
Vasilas et aI. (1988), where yields proved consistently lower in no-till than under moldboard, chisel, or disk
tillage systems.
The physical and chemical differences in the properties of the soil between tillage systems have been
studied extensively. It is well known that the amount and distribution of organic matter in the soil profile is
drastically affected by tillage. A study conducted by Vasilas et aI. (1988) showed the surface residue after
planting on com residue for moldboard plow, chisel plow, disk, and no-till to be 2,26,32, and 74% in 1983,
and 2, 15, 19,55% in 1984. The increased surface coverage of the soil with crop residue in no-till results in
greater water infiltration, increased microbial activity, increased nutrient availability, and reduced erosion
(Doran, 1980; Kladivko et aI., 1986; Hill, 1990; Bowman and Halverson, 1997; Curci et aI., 1997). The
decomposition of soil organic matter occurs at a faster rate when the crop residue is mixed with the soil (Parr
and Reuszer, 1959). Brown and Dickey (1970) found straw decomposition increased as the soil-to-straw
contact increased. However, a study by Staricka et al. (1991) found that using chisel, disk, or moldboard plow
did not uniformly distribute crop residue throughout the disturbed plow depth. Managing crop residue in strips
4was studied by Kaspar et ai. (1990) who measured improved corn yields with a bare row band varying from 8 to
76 cm compared with no-till. They suggested the 16-cm bare-soil band was the best alternative for maximizing
yield and minimizing soil erosion.
Many researchers have reported as tillage is reduced, bulk density and soil strength increases and air-
filled porosity decreases (Soane and Pidgeon, 1975; Gantzer and Blake, 1978; Siemens and Oschwald, 1978;
Bauder et aI., 1981; Kladivko et aI., 1986; Hill, 1990; Kaspar et aI., 1991). Pierce et ai. (1994) performed an
experiment to study the effects of periodic plowing on no-till managed soils. They found that plowing
compared with no-till, decreased bulk density by 0.17 to 0.28 Mg m-3, increased total porosity by 0.03 to 0.10
m3 m-3, increased macroporosity by 0.05 to 0.13 m3 mo3 , and decreased microporosity by 0.03 to 0.05 m3 m-3 in
the 0-7 cm and 7-15 cm soil depths. Other studies from medium and fine-textured soils of the Corn Belt have
shown that unless the plow layer is at least partially tilled soil bulk density becomes high enough to create
problems with plant uptake of some nutrients such as K (Ketchenson, 1980; Randall, 1980; Moncrief and
Schulte, 1982). Bauder et ai. (1981) felt that reduced or no-tillage systems would lead to an increase in the
development of root-restricting soil layers. In management systems with controlled wheel traffic the soil
environment in rows, trafficked inter-rows, and untrafficked inter-rows can be drastically different (Taylor,
1983). The bulk density and soil strength on the trafficked side ofa plant row can be much greater than on the
untrafficked side of the same row (Fausey and Dylla, 1984; Bauder et aI., 1985; Gerik et aI., 1987; Kaspar et aI.,
1990). Actually, a study by Kaspar et ai. (1991) concluded wheel traffic had a greater effect on bulk density
and soil strength than did the tillage system.
Despite all of the research that has been done on bulk density, some studies have shown little
differences in long term effects ofno-till on soil bulk density (Shear and Moschler, 1969; Thomas et aI., 1975;
Hill and Cruse, 1985). Continuous no-till can increase mechanical resistance delaying root development and
greatly reduce corn yields when dry conditions exist early in the season (Bauder et aI., 1981; Griffith et aI.,
1988). Shierlaw and Alston (1984) and Logsdon et al. (1987) observed bulk densities greater than or equal to
1.2 Mg m-3 reduced corn seedling root length. Some researchers, such as Kaspar et ai. (1995) reported root
length density ofno-till corn is not effected by tillage in either the 0-15 cm or 15-30 cm depths. Barber (1971)
reported that compared with conventionally tilled soils, root density ofno-till corn was up to three times higher
in the 0-10 cm soil depth but was lower in the 10-60 cm depth. He also concluded that corn roots were larger in
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diameter when grown in no-till and less efficient feeders ofmoisture and nutrients than in conventional tillage.
Similar distribution of the com root system was reported by Philips et al. (1971) cited by Moschler and Martin
(1975) in Kentucky, and Cruz (1982) cited by Mengel et aI., (1992) in Indiana. Compared with plowing, root
density ofno-till com was more than twice as high in the first 7.5 cm depth ofsoil but were lower in the second
root depth (7.5-15 cm). Soil compaction due to wheel traffic of fann machinery has resulted in a number of
studies on the root distribution in conservation tillage. Many studies report greater root length densities in
untrafficked inter-rows than in trafficked inter-rows in no-till and chisel till systems (Bauder et aI., 1985;
Hilfiker and Lowery, 1988; Kaspar et aI., 1991). Chaudhary and Prihar (1974) reported in no-till com that
inter-row compaction inhibited lateral spread of com roots in the surface soil layers and caused greater
downward growth of roots.
Another result ofresidue or mulch cover in conservation tillage is an increase of soil moisture in the
rooting profile (Burrows and Larsen, 1962; Barber, 1971; Blevins et aI., 1971; Bennet et aI., 1973; Griffith et
aI., 1973; Mock and Erbach, 1977; Johnson and Lowery, 1985; Kladivko et aI., 1986; AI-Darby and Lowery,
1986 and 1987; Carter and Barnett, 1987; Imholte and Carter, 1987; Cox et aI., 1990; Fortin, 1993). This is
highly beneficial to production agriculture in areas where optimum rainfall does not always occur. An increase
in soil moisture influences the rate of root growth and diffusion ofP and K in the soil (Barber and Mackay,
1985; Darst and Wallingford, 1985; Mackay and Barber, 1985). Mackay et al. (I 987) found that the soil water
content near the surface may be important for nutrient uptake due to the increased dependence on nutrients in
the upper soil surface layer. A growth chamber study conducted by Kaspar et al. (1989) demonstrated that
drying the fertilized surface soil layer reduced soybean shoot growth, the number of seeds and pods at the R6
stage, and uptake of P and K. This occurred even though water was available at greater depths. A similar
fmding by Foroud et al. (1993) found that moisture stress at the R5 stage of soybean caused significant
reductions of 7 to 25% in traits such as number ofpod-bearing nodes and number of pods. According to a study
by Cox et al. (1990), increases in soil mechanical resistance can develop under continuous conservation tillage
systems. Increased mechanical resistance can result in water stress under no-till when dry conditions occur
early in the growing season. Research conducted in 1990 and 1991 including in-row soil moisture in no-till, no-
till with no residue cover, and no-till with the rows cleaned of residue found the in-row water contents were
similar in all syste!'1s, Removing part or all of the residues did not affect in-row water contents for any long
..'
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period of time. He also found no-till to have an equally or higher inter-row water content than chisel, bare no-
till, or bare row no-tilled treatments (Fortrin, 1993). The increased soil moisture content with no-till may not
always be beneficial for crop production. Several studies found that no-till com production is the most
successful on well-drained soil rather than imperfectly or poorly drained soil (Blevins et aI., 1971; Griffith et
aI., 1973; Dickey et aI., 1983; Dick and VanDoren, 1985; Herbek et aI., 1986; Kladivko et aI., 1986; Griffith et
aI., 1988).
Soil temperature is also known to be affected by conservation tillage systems. Temperature is an
important determinant of plant development until the V6 stage in com which is the last stage at which the apical
meristem is below ground and exposed directly to soil temperature (Fortrin, 1993). Kaspar et al. (1990)
showed the average maximum soil temperature of a no-till soil in central Iowa at the 5 cm depth was 4 to 60 C
lower under 7.8 Mg ha- I of soybean residue than under bare soil between May 25 and June 13. Also in Iowa,
Willis et aI. (1957) cited by Amemiya (1977), concluded that 7.4 Mg ha"l of mulch straw reduced soil
temperatures an average of 10 C at the 10 cm depth during May and June. Soil mulched with 6.2 Mg ha"l of
straw was 0.90 C cooler during the period from June 8 to August 6. Barber (1978) and numerous other studies
have found that reduced soil temperatures affect root growth and nutrient uptake (Barber, 1971; AI-Darby and
Lowery, 1987; Cox et aI., 1990; Fortin, 1993). Colder temperatures tend to reduce growth and P and K
diffusion to roots. Early growth of com is often reduced in no-till and mulch till in the Northern Com Belt
compared with conventional tillage due to cooler soil temperatures (Griffith et aI., 1973; Mock and Erbach,
1977; AI-Darby and Lowery, 1986; Carter and Barnett, 1987; Imholte and Carter, 1987; Swan et aI., 1987;
Kaspar et aI., 1990; Fortin and Pierce, 1991). Although delayed early growth and development under
conservation tillage systems seldom reduces grain yield because corn often attains physiological maturity before
a killing freeze in the fall (Swan et aI., 1987; Cox et aI., 1990). A complete NPK starter mixture is often
recommended for corn in Iowa when soils are expected to be cooler and wetter than normal because low
temperatures tend to delay germination, emergence, and early growth (Voss, 1985).
Many studies have shown that stratification of P and K can occur in soils under no-till management.
Both nutrients accumulate near the soil surface due to the cycling of nutrients by plant roots from subsurface to
surface soil depths, minimal mixing of organic matter and applied fertilizers with the soil, and the limited
vertical mobility ofP and K in the soil profile (Shear and Moschler, 1969; Griffith et aI., 1977; Ketchenson,
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1980; Moncrief and Schulte, 1982; Timmons, 1982; Cruse et aI., 1983; Rehm et aI., 1995; Mackay et aI., 1987;
Karathanasis and Wells, 1990; Karlen et aI., 1991). The results reported by Shear and Moschler (1969) after 6
years of no-till cropping found P in the upper 5 cm of soil was 3.8 times greater than under conventional tillage,
while at greater depths (5-20 cm) conventionally tilled soils possessed twice as much P. Similar results were
reported by Karlen et al. (1991), Randall (1980), Griffith et al. (1977), and Ketchenson (1980) after 12, 10, 6,
and 3 years ofno-till cropping. In Kentucky, five different soils under no-till from 6 to 16 years produced up to
three times as much soil exchangeable K and five times as much soluble K in the 5 cm depth of soil compared
with the 5-17 cm depth (Karathanasis and Wells, 1990). Nutrient stratification can be a significant problem in
drier areas of the Midwest. One study observed this problem in com during years when there was essentially no
rain during the 30 to 50 day period after planting. Volumetric water content between the 0-7.5 cm soil layer
was essentially the same for no-till and plow tillage systems (Mackay et aI., 1987). It has been suggested that
periodic tillage on no-till management could elevate problems ofnutrient stratification. Pierce et al. (1994)
showed, however, that surface stratification is not entirely lost when plowed and increases with time relative to
conventional tillage. The effects of tillage are dissipated within 4 to 5 years after plowing and the soil is
physically similar to no-till. A two year study in 1987 and 1988 concluded in one of the years that a chisel
treatment changed the vertical distribution of crop residue only slightly from the no-till treatment. Crop residue
tracers placed on the soil surface were buried less than 10 cm deep by chisel plowing. In the no-till treatment
more than 95% of the crop residue (including root growth) was recovered above the 10cm depth (Staricka et aI.,
1991). A few studies have shown in some cases that stratification in conservation tillage did not exist. Shear
and Moschler (1969) and Hargrove et al. (1982) found no differences in exchangeable K between no-till and
conventional tillage in vertical soil layers down to 20 cm. Several other reports showed infrequent and small
decreases in nutrient availability for crops due to nutrient stratification in high rainfall areas of the Com Belt
(Singh et aI., 1966; Belcher and Ragland, 1972; Moschler and Martens, 1975).
Subsurface banding of fertilizer result in soil zones with increased nutrient concentrations. There is
greater root proliferation in or near fertilized soil zones if other factors are not limiting. The banding of
fertilizer has shown to alter com root distribution. A subsurface placement of fertilizer in conservation tillage
may prove better than broadcast because roots will proliferate deeper in the soil profile making them less
susceptible to soil drying near the surface (Kaspar et aI., 1991). Extensive research with different crops
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including com and soybean have shown banding (compared with broadcast) has the potential to increase
fertilizer use efficiency of P and K in several tillage systems (Nelson et aI., 1949; Stanford and Nelson, 1949;
Barber, 1958 and 1959; Welch et aI., 1966a and 1966b; Eckert and Johnson, 1985; Sanchez et aI., 1991; Yibirin
et aI., 1993; Raun and Barreto, 1995; Lauson and Miller, 1997). Banding can reduce retention ofP and K by
soil constituents creating a zone of very high nutrient availability, which increases the fertilizer use efficiency of
the crop. A 10-20% mixture of soil and fertilizer in a strip application can alleviate this problem enhancing root
contact with nutrients in the soil (Barber, 1974; Black, 1993). Work in Virginia (Singh et aI., 1966; Molscher
and Martins, 1975) showed that absorption of P and K by no-till com when the fertilizers were banded onto the
soil surface was equal to or better than when P and K was broadcast and incorporated. The successful use of the
surface bands were largely attributed to an increase in root activity in this high fertility surface zone due to
higher soil moisture content under the residue and the adequate rainfall received during the growing season. In
two Ohio soils, Eckert and Johnson (1985) compared several rates of P fertilizer broadcast on the surface and
subsurface banded (5 cm on the side and below the seed) and concluded that the subsurface banding resulted in
greater fertilizer use efficiency. Other studies showed no effect ofP and K fertilizer placement for com and
soybean. Mengel et aI. (1988) in Indiana reported the placement of P and K fertilizer (broadcast, stripped onto
the surface, or deep-banded to 20 cm) had no significant effect on com yield in either tillage (plow or no-till).
No K placement effect on yield ofno-till soybean was found from a study on a silt loam soil in Ohio (Hudak et
aI., 1989). Timmons (1982) in Iowa also found little differences among various P and K placements for com
but suggested that starter applications could be advantageous on soils where no-till or minimum tillage is
performed. Mengel et al. (1992) reported in Indiana at eleven sites over three years that starter fertilizer
increased com yield in only one site using conventional tillage but in eight sites using no-till. Responses to
starter fertilizer are often attributed to P because of the need for this nutrient in rapid early growth, although
responses to Nand K do occur (Randall et aI., 1985; Randall and Hoeft, 1988; Black, 1993). Data from three
Midwestern states (Nebraska, Wisconsin, and South Dakota) suggest that starter placement is superior to deep-
band placement for P. The P uptake data from Wisconsin suggest that the roots of young com plants (15 cm
tall) did not grow to reach the deep-band fertilizer early enough in the growing season (Fixen and Wolkoswski,
1981; Farber and Fixen, 1986; Rehm, 1986).
..
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The effect of placement can be variable depending on soil test values of P and K. Hairston et al.
(1990) showed the deep injection (15 cm) ofP and K fertilizer surpasses the yield response to broadcast
placement on no-till soybean in Mississippi soils testing low in P and K. Rehm et al. (1988) working with com
managed with fall chisel in Minnesota showed the placement of P and K had a significant effect on com yield
when soil test levels were in the low range. Separate studies conducted by Barber (1958 and 1959) and Welch
et al. (1966a and 1966b) observed on low-testing soils the banded P and K applications resulted in more
efficient fertilizer use than broadcast applications when rates of fertilization were low. The magnitude of
response to banding decreased as the initial levels of soil P and K increased and on high-testing soils the
placement method had limited effects on use efficiency.
There is a lack of information for Iowa and much of the Com Belt regarding the long term effects of
tillage and P and K placement for com-soybean rotations. The effects oftillage on crop yield, early growth, and
nutrient stratification can be greatly influenced ~y fertilizer placement. A thorough understanding ofhow these
factors interact can result in more efficient farming practices. Studies such as this are important to determine
when and where P and K fertilizer should be applied for maximum use efficiency. Efficient fertilizer
management is economically beneficial to the farmer as well as a sound environment practice.
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MATERIALS AND METHODS
Several long tenn trials were established in 1994 at five Iowa State University research centers. These
were the Northeast Research Center (NERC) near Nashua, Northern Research Center (NIRC) near Kanawha,
Northwest Research Center (NWRC) near Sutherland, Southeast Research Center (SERC) near Crawfordsville,
and Southwest Research Center (SWRC) near Atlantic. At each location the field was divided into four areas to
accommodate four separate trials, one for each of four nutrient-crop combination. These were P and K trials for
com and soybean. A com-soybean rotation was achieved by alternating the location of the crops each year.
The trials were evaluated until 1997. Thus, twenty site-years for each of the four nutrient-crop combinations
were analyzed for this study. Each site-year will be referred to as a site for each nutrient-crop combination.
Treatments for each nutrient-crop combination at each location were several combinations of four
fertilization rates, three placements, and two tillage systems (no-till and chisel till). The cornstalks were
chopped in the fall each year for both tillage systems. For the chisel till, soybean residue was disked in spring
and cornstalks were chopped and chisel plowed in the fall with an additional disk tillage operation in the spring.
There were ten fertilization and placement treatment combinations within each tillage at all locations. These
were an absolute control (BO), a control with a pass of the deep-band coulter and knife without applying
fertilizer (DO), broadcast fertilizer at three rates (B 1, B2, and B3), deep-band fertilizer at three rates (01, 02,
and 03), and planter-band (starter) fertilizer at two rates (SI and S2). Each treatment combination was
replicated three times. The three P rates were 14,28, and 56 kg Plha. The three K rates were 33, 66, 132 kg
K/ha. Each rate was applied every year for each crop except for the 56 kg Plha and 132 kg K/ha which were
applied every two years (1994, 1996). Thus, the rate 3 applied fertilizer amounts similar to rate 2 over a two
year period. The rate 2 was estimated by applying the annual maintenance rate for the crop rotation and soils in
the study. The broadcast fertilizer was spread onto the soil surface by hand. The deep-band fertilizer was
applied with a deep-band implement using an air delivery system, coulters, and knives that apply dry fertilizer
in bands at the desired depth and row spacing. Placement of the bands were approximately 10-20 cm below the
soil surface and spaced 76 cm apart. The planter-band fertilizer was placed in a band approximately 5 cm to the
side and 5 cm below the seed with a planter fertilizer attachment at the time ofplanting. The broadcast and
deep-band treatments were applied in early spring in 1994 and in late fall for other years. In the deep-band
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plots, rows of both crops were placed on top or within 10 cm of the coulter-knife tracks. The plant populations
used were those recommended at each location and were similar for no-till and chisel treatments. The target
populations varied across research center from 66,700 to 76,100 plantslha for com, and 395,000 to 445,000
plantslha for soybean. Com plant populations prior to harvest were measured from the middle two rows of all
plots and locations. None of the treatments significantly affected the plant population of com. Soybean plant
population was not evaluated. For this reason the plant population data is not shown. Summarized information
about management of the sites is shown in Tables 1 and 2. The com hybrids, soybean cultivars, and planting
dates used were those recommended for each location and were similar for both tillage systems. Crop
management practices with the exception ofN, P, and K fertilization were those normally used by each research
center. The source of fertilizer was granulated triple-superphosphate and potassium chloride at all research
centers. Non-limiting rates ofN fertilizer was applied each year for com in the spring following the current
recommendations for Iowa using anhydrous ammonia and/or urea. In the spring of 1994, non-limiting P
fertilizer (120 kg Plha) was applied one third broadcast and two third deep-band to all K trials, and non-limiting
K fertilizer (280 kg K1ha) was applied one third broadcast and two third deep-band to all P trials. Plot size
varied slightly between research centers. Plot width varied from 4.5 m to 7.7 m and the length varied from 16
m to 18 m. The row width was 76 cm for both crops.
Sampling and Analysis of Plants and Soils
In 1994, composite samples from each replication (25 cores, 2 cm diameter) were collected randomly
at five depths (0-7.5 cm, 7.5-15 cm, 15-30 cm, 30-60 cm, and 60-90 cm). In following years, soil samples were
collected (10 cores randomly, 2 cm diameter) from selected plots at three depths (0-7.5 cm, 7.5-15 cm, and 15-
30 cm) before the fertilizer applications each fall. Plant available K (STK) was determined by the ammonium
acetate method, plant available P (STP) by the Bray-l method, organic matter by the Walkey-Black method,
and pH in water followed by the procedures recommended for the North Central Region of the United States
(Brown, 1998). Soil organic matter in the 0-15 cm depth was 3.9, 5.0, 4.5, 4.5, and 3.9% for the NERC, NIRC,
NWRC, SERC, and SWRC, respectively. Soil pH in the 0-15 cm depth was 7.1, 7.0, 6.3, 6.1, and 5.9. Soil test
results for the experimental area in 1994 and for control plots thereafter are summarized in Tables 3 and 4.
..
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Iowa State University soil test interpretation classes for samples taken at a 0-15 cm depth and low subsoil P and
K will be used in this study. The boundaries for STP in mg kg-I are divided into the classes very low ~ 8), low
(9 to 15), optimum (16 to 20), high (21 to 30), and very high (> 30). The boundaries for STK in mg kg-I are
very low ~ 60), low (61 to 90), optimum (91 to 130), high (131 to 170), and very high (>170). Whole corn and
soybean plants were sampled at the V5 to V6 stage (IS to 25 cm tall). Ten plants were collected at random
from selected plots and from rows outside the harvest area within each plot. The plots sampled were three
replications ofthe seven selected treatments BO, B1, 82, D1, D2, S1, and S2. Plants sampled were dried in an
air forced oven at 60°C and weighed. Early growth was determined by calculating the average plant dry weight
in g/plant from the ten plants collected at each plot. Corn and soybean grain were harvested with plot combines
from the central area ofeach plot (3-4 rows by 15 m) at each research center. Corn yields were corrected to
15.5% moisture and soybean yields were corrected to 13.0% moisture.
Experimental Design and Statistical Analysis
Split-plot completely randomized-block designs with three replications were used for all trials. Tillage
treatments were in large plots and all the fertilization and placement combinations were in subplots. The
analyses were conducted for each nutrient-crop combination by site (80), by location over four years (20), and
over sites and years (4). In analyses by location, measurements in each year were considered as repeated
measures. In analyses over sites and years, the mean square error used in the F test for treatment effects was the
site by treatment interaction.
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Table 1. Location, soil classification, hybrid, and planting dates for com trials.
Soil classification Corn Rainfall
Site Location t Series Great group NT: Hybrid Planting May June Julydate
yr. ----- mm -----
NERC Kenyon Typic Hapludoll GH-2390 4/26/94 70 167 175
2 2 P-3563 5/6/95 62 171 140
3 3 P-3563 5/6/96 110 131 33
4 4 DK-512 4/26/97 77 164 118
5 NIRC Webster Typic Endoaquolls P-3563 5/11/94 56 176 122
6 2 NK-4242 5/5/95 123 106 91
7 3 NK-4242 5/17/96 123 118 61
8 4 NK-4242 5/6/97 121 131 73
9 NWRC Galva Typic Hapludoll 3 P-3417 5/10/94 47 165 104
10 4 P-3751 5/22/95 126 109 35
11 5 P-3563 5/1/96 86 162 63
12 6 P-3563 5/6/97 97 110 139
13 SERC Mahaska Aquic Argiudoll MG-6890 5/5/94 114 38 71
.; 14 2 P-3417 5/7/95 177 116 90
15 3 GH-2530 5/24/96 82 53 43
16 4 GH-2547 4/19/97 162 41 109
17 SWRC Marshall Typic Hapludoll GH-2525 5/5/94 15 220 65
18 2 L-2719 5/17/95 178 81 67
19 3 GL-5962 4/24/96 245 192 78
20 4 GL-5984 5/9/97 67 100 44
t NERC, NIRC, NWRF, SERF, and SWRF indicates the northeast, northern, northwest, southeast, and
southwest research centers respectively. Information for sites 1 to 20 applies to separate but adjacent P and K
trials.
t NT = years under no-till
§ P= Pioneer, NK= Northrup King, GH= Golden Harvest, L= Lynks, MG= Mycogen, GL= Great Lakes,
DK=DeKalb
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Table 2. Location, soil classification, cultivar, and planting dates for soybean trials.
Soil classification Soybean Rainfall
Site Location t Series Great group NT* Cultivar§ Planting May June July
• date
yr.
----- mm -----
NERC Kenyon Typic Hapludoll sal 237 5/18/94 70 167 175
2 2 M-251 5/20/95 62 171 140
3 3 sal 237 5/22/96 110 131 33
4 4 M-251 5/22/97 77 164 118
5 NIRC Webster Typic Endoaquolls BSR 101 5/11/94 56 176 122
6 2 BSR 101 5/05/95 123 106 91
; 7 3 BSR 101 5/17/96 123 118 61
8 4 Latham 522 5/06/97 121 131 73
9 NWRC Galva Typic Hapludoll 3 Kenwood 5/10/94 47 165 104
10 4 P-9231 5/22/95 126 109 35
11 5 P-9204 6/04/96 86 162 63
12 6 Cenex2500 5/21/97 97 110 139STS
13 SERC Mahaska Aquic Argiudoll AG-435 5/11/94 114 38 71
-
14 2 M-360 5/07/95 177 116 90
15 3 AS-352 5/14/96 82 53 43
16 4 Stine 3660 5/10/97 162 41 109
17 SWRC Marshall Typic Hapludoll R-3292 5/13/94 15 220 65
18 2 GH-1302 6/01/95 178 81 67
19 3 GH-1271 6/04/96 245 192 78
20 4 Stine 3171 5/14/97 67 100 44
t NERC, NIRC, NWRF, SERF, and SWRF indicates the northeast, northern, northwest, southeast, and
southwest research centers respectively. Information for sites 1 to 20 applies to separate but adjacent P and K
trials.
~ NT = years under no-till
§ P= Pioneer, GH= Golden Harvest, M= Mycogen, SOI= Sands of Iowa, R= Renze, AS= Asgrow, AG=
Agrogene, BSR= Brown Stem Resistance
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Table 3. Soil test phosphorus of com and soybean trials.
No-till
Corn
Chisel No-till
Soybean
Chisel
Site 0-7.5cm 7.5-15cm Class t 0-7.5cm 7.5-15cm Class t 0-7.5cm 7.5-15cm Class t 0-7.5cm 7.5-15cm Class t
----------------- mg kg- I -------------------- _____________________ mg kg-1---------------------
;
2
3
4
5
6
7
8
9
10
11
12
13
41
33
35
29
13
12
8
10
10
9
8
9
28
28
24
26
18
11
10
6
8
5
5
4
6
19
VH
H
VH
H
L
L
VL
L
VL
VL
VL
VL
H
41
37
33
37
13
11
7
10
10
1I
8
9
28
28
25
32
24
11
8
6
7
5
7
5
6
19
VH
VH
VH
VH
L
L
VL
L
VL
L
VL
VL
H
35
36
29
34
9
9
11
8
8
10
8
10
24
27
29
18
24
7
7
10
6
4
4
6
6
20
VH
VH
H
H
VL
VL
L
VL
VL
VL
VL
VL
H
35
37
35
36
9
11
9
8
8
II
12
10
24
27
26
29
26
7
9
8
5
4
6
6
6
20
VH
VH
VH
VH
VL
L
L
VL
VL
L
L
VL
H
14 24
15 29
16 20
17 21
18 28
19 19
20 25
10
20
13
8
11
8
12
o
H
o
L
o
L
o
31
35
27
21
25
19
25
17
28
19
8
I I
7
14
H
VH
H
L
o
L
o
22
19
23
23
23
24
25
13
12
15
6
1I
9
14
o
L
o
L
o
o
o
30
26
33
23
20
23
23
21
15
25
6
15
9
12
H
H
H
L
o
o
o
t Iowa State University soil test interpretation classes for samples taken from a 0-15 cm depth and low subsoil
phosphorus and potassium, VL= very low, L= low, 0= optimum, H= high, VH= very high. Data from 1994 are
means for each experimental area and following years are means for the absolute controls (BO).
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Table 4. Soil test potassium of com and soybean trials.
.-
No-till
Corn
Chisel No-till
Soybean
Chisel
Site 0-7.5cm 7.5-15cm Class t 0-7.5cm 7.5-15cm Class to-7.5cm 7.5-15cm Class t 0-7.5cm 7.5-15cm Class t
k -J
------------------- mg g ------------------- k -J------------------- mg g --------------------
160 105 H 160 105 H 177 118 H 177 118 H
2 171
3 131
4 147
5 138
6 159
7 160
8 167
9 176
10 270
11 207
12 251
13 139
14 145
15 140
16 145
17 320
18 251
19 256
20 170
122 H 153
92 0 167
92 0 137
110 0 138
182 VH 182
153 H 166
162 H 158
131 H 176
193 VH 221
168 VH 193
204 VH 198
118 0 139
133 H 131
92 0 123
113 0 152
201 VH 320
145 VH 241
141 VH 255
141 H 207
118 H 157
109 H 135
94 0 145
110 0 127
173 VH 200
149 H 190
148 H 166
131 H 163
193 VH 229
167 VH 309
196 VH 196
118 0 157
138 H 157
88 0 163
129 H 173
201 VH 276
184 VH 295
133 VH 295
157 VH 263
125 H 183
95 0 137
113 0 152
114 0 127
188 VH 197
172 VH 167
164 H 178
123 H 163
181 VH 221
215 VH 231
170 VH 186
111 H 157
107 H 143
127 H 142
123 H 152
154 VH 276
178 VH 263
142 VH 369
168 VH 245
138 H
92 0
137 H
114 0
197 VH
157 H
161 H
123 H
179 VH
191 VH
159 VH
111 H
107 0
144 H
123 H
154 VH
185 VH
185 VH
163 VH
t Iowa State University soil test interpretation classes for samples taken from a 0-15 cm depth and low subsoil
phosphorus and potassium, VL= very low, L= low, 0= optimum, H= high, VH= very high. Data from 1994 are
means for each experimental area and following years are means for the absolute controls (BO).
•;
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RESULTS AND DISCUSSION
Tillage Effects on Early Growth and Grain Yield
Early growth ofcom and soybean were consistently greater in the chisel till system. Data in Tables 5
and 6 show the effect of tillage on early growth ofcom and soybean in the P and K trials. The results were
similar for the two trials. The chisel till produced significantly greater early growth of com in a majority of the
responsive sites. Com growth was significantly greater for no-till at only three sites. Over sites and years, the
chisel till produced a plant dry weight advantage of approximately 0.5 g1plant for com over the no-till system.
Early growth of soybean was also significantly increased over sites and years by chisel tillage. The average
increase in soybean plant dry weight for chisel till was 0.2 g1plant. The larger plants for both crops in chisel till
is likely explained by physical or chemical soil properties. Such properties include decreased bulk density and
warmer soil temperatures early in the growing season. It has been shown that soil strength and bulk density are
usually higher when seedlings are growing under no-till management (Bauder et aI., 1981; Kaspar et aI., 1991).
As a result, the soil mechanical resistance on small seedlings led to reductions in root and shoot growth and
nutrient uptake. The soil temperature ofchisel till may also be more favorable for the early growth of com and
soybean due to warmer soil conditions. Studies in Iowa by Amemiya (1977) and Kaspar et al. (1990) have
shown no-till to be significantly cooler than soils with less surface residue. This factor is especially important
for com until the V5 stage ofgrowth. This is the last stage of growth where the apical meristem is below
ground and directly exposed to soil temperatures (Fortrin, 1993).
Tillage also had a significant effect on grain yield of com. Table 7 shows that chisel till increased com
grain yield by 187 kg ha- I compared with no-till over all sites and years. Although there were only four
responsive sites, grain yields were larger with chisel till in a majority of the sites. The analysis by location
(over 4 years) showed that two locations were responsive to tillage (NERC, NWRC). The average yield
increase with chisel tillage for these locations was 334 kg ha- I . There was also a trend for larger com yields in
the chisel till at the SERC location. The response in the soybean was largely different when compared to the
response in com. The two responsive sites produced higher soybean yields in no-till. The average yield
difference between the two tillage systems was only 86 kg ha- I for the two sites. The data in Table 8 for the K
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Table 5. Early growth of com and soybean as affected by tillage in the P trials.
Means of Plant Dry Weight t
•. Corn Soybean Statistics *
Site Location § No-till Chisel No-till Chisel Corn Soybean
_________________________ g pl-I-------------------------
----- P>F -----
NERC 1.97 2.43 2.75 2.92 0.07 0.15
2 2.22 2.04 1. 13 1.49 0.04 0.05
3 1.15 1.42 2.12 2.95 0.02 0.05
4 1.48 3.69 0.74 0.98 0.00 0.02
5 NIRC 2.50 2.39 2.11 2.13 0.71 0.81
6 3.30 3.11 1.53 1.83 0.70 0.01
;
7 2.64 3.05 1.90 2.05 0.37 0.29
~ 8 4.03 5.75 1.03 1.23 0.01 0.09
9 NWRC 1.49 1.59 3.73 3.60 0.46 0.81
10 3.01 3.29 1.13 1.08 0.17 0.76
11 2.11 2.36 1.69 2.15 0.34 0.01
12 3.54 4.77 1.31 1.37 0.02 0.53
13 SERC 1.38 1.46 3.53 3.44 0.70 0.98
• 14 3.86 3.20 1.34 1.62 0.28 0.04
15 3.14 4.48 1.31 1.41 0.06 0.19
16 1.29 2.91 1.97 2.80 0.00 0.00
17 SWRC 2.20 2.23 4.97 4.78 0.84 0.45
18 4.96 4.46 1.93 2.30 0.03 0.01
19 2.34 3.52 1.22 1.49 0.00 0.16
20 1.13 1.45 1.96 2.52 0.00 0.02
Means 2.49 2.98 1.97 2.21 0.02 0.00
t Plant dry weights are means of all fertilizer rates and placements for each crop and tillage.
.-
~ Analysis by site and over sites and years for each crop contrasting no-till vs. chisel (all fertilizer treatments).
§ NERC, NIRC, NWRC, SERC, and SWRC indicates the northeast, northern, northwest, southeast, and
southwest research centers. Sites I to 20 apply to separate but adjacent com and soybean trials.
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Table 6. Early growth of com and soybean as affected by tillage in the K trials.
Means of Plant Dry Weight t
Corn Soybean Statistics *
..
Site Location § No-till Chisel No-till Chisel Corn Soybean
_______________________ g p101_________________________
----- P>F -----
NERC 2.09 2.42 2.44 2.84 0.30 0.36
2 2.26 2.32 1.07 1.47 0.24 0.02
3 1.13 1.34 2.06 2.37 0.00 0.00
4 1.10 3.45 0.68 1.00 0.02 0.01
5 NIRC 3.37 2.53 2.40 2.29 0.04 0.48
6 1.99 2.01 1.39 1.74 0.77 0.05
7 2.66 2.92 1.72 1.86 0.21 0.42
8 3.72 5.24 0.89 1.16 0.00 0.02
9 NWRC 1.57 2.10 4.02 4.59 0.03 0.15
10 2.73 3.27 1.16 1.25 0.01 0.27
11 1.73 1.92 1.45 1.83 0.05 0.04
12 2.71 4.01 1.26 1.32 0.00 0.69
13 SERC 2.27 2.35 3.35 3.47 0.70 0.30
;;- 14 3.62 3.43 1.51 1.65 0.33 0.05
15 2.41 3.41 1.25 1.52 0.14 0.03
16 1.30 2.76 1.82 2.94 0.02 0.02
17 SWRC 2.24 2.17 4.86 4.96 0.86 0.76
18 4.49 4.25 2.19 2.70 0.16 0.02
19 2.75 3.49 1.27 1.31 0.05 0.77
20 0.92 1.33 1.85 2.63 0.00 0.00
Means 2.35 2.84 1.93 2.24 0.01 0.00
t Plant dry weights are means ofall fertilizer rates and placements for each crop and tillage.
~ Analysis by site and over sites and years for each crop contrasting no-till vs. chisel (all fertilizer treatments).
§ NERC, NIRC, NWRC, SERC, and SWRC indicates the northeast, northern, northwest, southeast, and
southwest research centers. Sites 1 to 20 applies to separate but adjacent com and soybean trials.
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Table 7. Grain yield of corn and soybean as affected by tillage in the P trials.
Means of Grain Yield t
Corn Soybean Statistics *..
Site Location § No-till Chisel No-till Chisel Corn Soybean
------------------------- kg ha-1_________________________
----- P>F -----
NERC 8679 9001 3666 3757 0.03' 0.44
2 6964 7023 2884 2854 0.62' 0.97
3 10090 10620 4164 4222 0.00' 0.42
4 10680 11238 4177 4165 0.00' 0.96
5 NIRC 10188 9544 3219 3103 0.15 0.67
6 9285 9475 3680 3685 0.58 0.88
;:
7 9561 9494 3096 3007 0.86 0.94
8 7404 7388 2845 2977 0.68 0.21
9 NWRC 8906 8774 2784 2745 0.25' 0.17
10 7070 7281 3015 2801 0.14~ 0.19
11 7700 8234 2124 2187 0.12' 0.96
12 8781 9363 2761 2748 0.22' 0.81
13 SERC 9697 10109 3692 3938 0.25 0.15
~ 14 8184 7532 4035 3981 0.32 0.10
15 9466 9423 3237 3354 0.96 0.18
16 9037 9564 3820 3857 0.12 0.26
17 SWRC 10577 10669 4074 4146 0.13 0.30
18 10323 10325 3614 3519 0.63 0.19
19 9691 10366 3725 3607 0.12 0.07
20 10636 11240 4002 3968 0.02 0.20
Means 9146 9333 3431 3431 0.04 0.95
t Grain yields are means of all fertilizer rates and placements for each crop and tillage.
:\: Analysis by site and over sites and years for each crop contrasting no-till vs. chisel (all fertilizer treatments).
§ NERC, NIRC, NWRC, SERC, and SWRC indicates the northeast, northern, northwest, southeast, and
southwest research centers. Sites 1 to 20 apply to separate but adjacent corn and soybean trials.
~ Analysis by location over 4 years indicates a significant tillage effect (P<O.I).
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Table 8. Grain yield of corn and soybean as affected by tillage in the K trials.
Means of Grain Yield t
•
Corn Soybean Statistics *
Site Location § No-till Chisel No-till Chisel Corn Soybean
------------------------- kg ha· J------------------------- ----- P>F -----
NERC 8586 9038 3897 3906 0.03' 0.99
2 6899 6820 2942 2725 0.62' 0.38
3 10062 10438 4037 4241 0.07' 0.16
4 10718 11319 4111 4010 0.15' 0.17
5 NIRC 10576 10428 3190 3056 0.66 0.39
6 9777 10041 3450 3420 0.05 0.51
-.
7 9925 9667 2801 2824 0.04 0.41
8 7362 7187 2651 2832 0.51 0.02
9 NWRC 10104 10475 2919 2905 0.19' 0.90
10 7068 7236 3017 2891 0.28' 0.30
11 7273 8043 2195 2226 0.11' 0.52
12 8013 8084 2615 2757 0.69' 0.00
13 SERC 10396 10736 4109 4146 0.07' 0.83
; 14 8468 8363 3841 3833 0.06' 0.91
15 9738 9819 3506 3485 0.63' 0.56
16 9283 10146 3478 3611 0.06' 0.16
17 SWRC 10101 10533 4268 4204 0.12 0.18
18 9732 9916 3599 3691 0.25 0.20
19 9851 10493 3485 3333 0.03 0.08
20 10416 10686 3868 4030 0.58 0.22
Means 9217 9474 3399 3406 0.00 0.80
t Grain yields are means ofall fertilizer rates and placements for each crop and tillage.
t Analysis by site and over sites and years for each crop contrasting no-till vs. chisel (all fertilizer treatments).
§ NERC, NIRC, NWRC, SERC, and SWRC indicates the northeast, northern, northwest, southeast, and
southwest research centers. Sites 1 to 20 applies to separate but adjacent com and soybean trials.
~ Analysis by location over 4 years indicates a significant tillage effect (P<O.I).
•.
;
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trial reveals that six sites produced larger com yields in the chisel by an average of490 kg ha- I . There were
three locations (NERC, NWRC, and SERC) responsive to tillage over four years with an average yield increase
of 326 kg ha-1• These three locations showed similar results for both the P and K trials. In soybean, three
responsive sites produced higher yields in no-till at one site and higher yields in chisel till at two sites. Over all
sites and years soybean yields were not significantly difference between tillage system. The aspects discussed
above explaining the advantage of chisel till for early growth could also explain the larger com grain yield. In
addition, other soil properties could have been more favorable for chisel till later in the season. It is likely there
was a decrease in bulk density by incorporation of organic matter and greater air filled porosity. A chisel till
system allows for greater potential diffusion ofwater, oxygen, and nutrients in the soil profile. This would
benefit root activity and growth by increasing oxygen and nutrient diffusion in the rooting zone. The rooting
zone for chisel till has been shown to be significantly different from no-till. A study conducted by Barber
(1971) compared the root density of com in conventional till and no-till. At the 0-10 cm depth the density of
com roots in no-till was three times higher than in the 10-60 cm depths. With a deeper Tooting zone available in
chisel till, the plants could potentially reach subsoil moisture between extended periods without rain. Although
rainfall amounts shown in Tables 1 and 2 were recorded for each site, they do not accurately describe the
moisture content of the soil. Rainfall tended to be poorly correlated with grain yields. The many favorable soil
factors added together possibly resulted in the yield increase in chisel. The overall buffering capacity of chisel
till to changing environmental conditions may be greater and could explain why in some sites the yield
differences were significantly greater.
Fertilization and Placement Effects
To simplify the presentation ofthe results the data for some treatments will be omitted. The statistical
analysis for grain yield differences between the two controls (empty knife and absolute control) seldom were
significant so the two treatments were averaged together. Early growth and grain yield data for each of the
fertilizer rates will not be shown due to few significant differences between rates over all sites and years. The
higher rates increased early growth and yield over the lower rate at only one location. The placement effect was
similar for all rates. Data for the three rates were combined and the means will be compared with the control.
...
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Also, the placement means in Tables 10-18 do not include the 56 kg Plha and 132 kg K/ha rates for the
broadcast and deep-banded placements because this treatment was not used with the starter placement.
Soil Test Phosphorus
The soils at the NIRC and NWRC (sites 5-12) consistently tested very low to low in STP for both
crops. Other soils ranged from low to very high in STP (Table 3). Data for control plots collected over time
showed no consistent effects of tillage on STP stratification. Levels of stratification were different between
tillage system in some soils. For example, in sites 3 and 18 the no-till soils possess higher levels of
stratification of STP when compared to chisel till. In fertilized plots the effect of placement on stratification
was examined only for the 28 kg Plha rate in no-till plots with soybean residue. Means shown in Table 9 for the
1996 and 1997 sampling years show the largest stratification of P occurred as a result of the broadcast and
planter-band treatments. Deep-band significantly reduced levels of stratification down to the 15 cm depth.
Phosphorus Fertilization and Placement
Early growth ofcom was greatly affected by P fertilizer applications (Table 10). Responses were
similar for the two tillage systems. There was a significant response in 16 sites and a response over sites and
years. The control treatment over sites and years averaged 2.34 g1plant while all fertilization treatments
averaged 2.73 g1plant. The results also show strong support for using banded placements to increase early
growth for com. The starter increased plant dry weight more than other placements at most responsive sites.
The deep-band seemed to give intermediate responses but tended to be better with no-till. The control treatment
for both tillage systems in sites 1,2,9,17,and 18 had comparable dry weights to the broadcast fertilizer
treatments. The STP in Table 3 shows a significant amount of stratification in the 0-7.5 cm depth for those five
sites. This may explain why P fertilization did not affect com growth at those sites. Soybean early growth also
responded to fertilizer applications (Table 11). The plant dry weights show that soybean plants at the V5 to V6
stage were larger when fertilizer was applied but responses were smaller and less frequent than in com.
Although, soybean growth was significantly increased at only five sites, there was a response to P over sites and
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Table 9. Soil test P as affected by fertilizer placement.
Soil Test P
~. 0-7.5 cm 7.5-15 cm Statisticst
Site Location C B D S C B D S PL DP PL*DP
----------------------------- mg kg-I ------------------------------ ----- P>F -----
3 NERC 34 62 35 84 24 23 46 33 0.03 0.00 0.01
4 22 46 57 38 16 18 62 23 0.04 0.22 0.60
7 NIRC 8 25 21 52 6 9 27 14 0.00 0.00 0.00
8 7 24 32 11 5 8 12 9 0.07 0.00 0.06
11 NWRC 10 32 28 17 6 8 52 12 0.27 0.68 0.09
; 12 6 25 12 16 5 6 14 11 0.23 0.04 0.07
15 SERC 23 47 24 95 15 22 43 35 0.02 0.00 0.00
16 15 45 41 30 9 17 47 27 0.01 0.04 0.03
19 SWRC 25 47 42 41 14 13 31 18 0.27 0.00 0.13
20 28 67 32 35 17 14 24 15 0.27 0.00 0.00
Means 18 42 32 42 12 14 36 19 0.00 0.00 0.00
t Analysis by site and over sites and years for no-till plots in bean residue; PL= placement effect; DP= depth
;; effect; PL*DP= depth by placement interaction.
C= Control, B= Broadcast, 0= Deep-band, S= Starter
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Table 10. Early growth of com as affected by P fertilization and placement.
Means of Plant Dry Weight
...
No-till Chisel Statistics t
Site C B D S C B D S FERT PLACE
___________________________________ g pr1----------------------------------
----- P>F -----
2.18 1.88 1.96 2.08 2.29 2.48 2.25 2.58 0.85 0.33
2 2.04 2.27 2.14 2.25 2.29 2.06 1.93 2.12 0.82 0.51
3 1.09 1.08 1.09 1.29 1.37 1.39 1.26 1.62 0.42 0.00
4 1.02 1.28 1.61 1.55 2.87 3.49 4.02 3.56 0.02 0.22
5 2.07 2.32 2.34 2.83 2.10 2.66 2.10 2.40 0.14 0.20
6 2.58 2.78 3.71 3.40 2.70 2.96 3.03 3.34 0.01 0.02
;
7 2.37 2.43 2.69 2.81 2.64 2.98 3.01 3.17 0.04 0.18
8 3.47 3.62 4.26 4.23 5.30 5.48 5.17 6.58 0.07 0.00
9 1.23 1.40 1.28 1.81 1.52 1.50 1.34 1.93 0.16 0.00
10 2.53 3.17 2.78 3.07 2.85 3.29 3.22 3.35 0.00 0.05
11 1.29 1.82 2.08 2.44 1.81 2.21 2.22 2.63 0.00 0.00
12 2.77 3.33 3.32 3.96 3.42 4.37 4.98 4.96 0.00 0.01
13 0.78 1.07 1.01 2.07 0.61 1.18 1.32 1.87 0.00 0.00
; 14 3.51 3.90 3.50 4.18 2.74 3.09 2.49 4.02 0.25 0.01
15 2.65 2.78 2.57 4.08 3.61 4.14 4.10 5.20 0.13 0.01
16 0.85 1.01 1.18 1.68 2.29 2.68 2.56 3.49 0.00 0.00
17 2.07 1.93 2.27 2.38 2.01 1.90 2.27 2.52 0.22 0.00
18 4.95 4.62 4.92 5.34 4.01 4.18 4.63 4.57 0.18 0.00
19 2.23 2.30 2.42 2.31 3.18 3.63 3.43 3.51 0.21 0.94
20 1.00 1.10 1.18 1.12 1.19 1.45 1.44 1.47 0.00 0.83
M 2.13 2.30 2.41 2.74 2.54 2.86 2.84 3.24 0.00 0.00
t Analysis over tillage systems by site and over sites and years. The interaction tillage by placement was never
•
significant (P<O.1); FERT= fertilizer effect (all fertilized treatments vs. control); PLACE= placement effect.
C= Control, B= Broadcast, D= Deep-band, S= Starter
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Table 11. Early growth of soybean as affected by P fertilization and placement.
• Means of Plant Dry Weight
No-till Chisel Statistics t
Site C B 0 S C B 0 S FERT PLACE
----------------------------------- g P1-1___________________________________
----- P>F -----
2.59 2.79 2.90 2.57 2.68 3.06 2.82 2.88 0.41 0.66
2 1.03 1.13 1.15 1.12 1.45 1.45 1.52 1.50 0.19 0.61
3 2.04 2.04 2.06 2.27 2.39 2.90 2.80 3.13 0.00 0.03
4 0.77 0.75 0.75 0.71 1.00 0.98 0.98 0.98 0.92 0.85
5 2.23 2.03 2.09 2.21 2.49 2.19 1.97 2.23 0.16 0.45
6 1.48 1.54 1.59 1.46 1.62 1.75 1.90 1.84 0.13 0.35
;
7 2.03 1.93 1.78 1.98 1.96 2.04 1.96 2.15 0.87 0.32
.. 8 0.91 1.07 1.01 1.00 1.12 1.30 1.18 1.21 0.12 0.33
9 3.18 3.47 3.77 3.95 3.60 3.21 3.84 3.76 0.42 0.22
10 1.01 1.03 1.15 1.20 1.06 1.04 1.09 1.12 0.46 0.34
11 1.62 1.47 1.75 1.84 1.90 2.11 2.06 2.27 0.12 0.03
12 1.15 1.24 1.37 1.31 1.20 1.41 1.43 1.27 0.04 0.31
13 3.03 3.27 3.41 3.91 3.61 3.30 3.35 3.66 0.35 0.01
;
14 1.11 1.30 1.32 1.40 1.67 1.55 1.55 1.77 0.40 0.22
15 1.04 1.33 1.33 1.28 1.52 1.41 1.38 1.45 0.45 0.99
16 1.61 1.78 2.07 2.06 2.73 2.90 2.76 2.75 0.11 0.80
17 5.00 5.29 4.56 5.07 3.80 5.04 4.49 4.81 0.21 0.20
18 1.81 1.88 2.04 1.88 2.45 2.32 2.29 2.29 0.87 0.54
19 1.26 1.22 1.25 1.21 1.52 1.35 1.59 1.51 0.48 0.04
20 2.04 1.85 1.99 2.04 2.32 2.38 2.64 2.54 0.68 0.29
M 1.85 1.92 1.97 2.02 2.10 2.18 2.18 2.25 0.00 0.04
t Analysis over tillage system by site and over sites and years. The interaction tillage by placement was never
.- significant (P<O.1); FERT= fertilizer effect (all fertilized treatments vs. control); PLACE= placement effect.
C= Control, B= Broadcast, D= Deep-band, S= Starter
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years. The starter placement also increased the size of the soybean plants. A small increase in plant dry weight
was significant over sites and years.
The response to fertilizer applications in com was poorly related to STP. In eight out of the sixteen
responsive sites that showed a fertilizer effect the STP was low to very low, two were optimum, and six were
high to very high. Phosphorus is known for its importance on cell multiplication in the early growth stages.
Because demand for P early in the growing season is high for com, the plants may have utilized the applied P
even when soils tested optimum to very high. The response to starter placement in early growth of com and
soybean found in this study coincide with results of other research. Previous findings suggest greater fertilizer
use efficiency when banding P partly because soil retention ofP is reduced (Barber, 1974; Black, 1993; Eckert
and Johnson, 1985; Sanchez et aI., 1991). The starter placement ofP also gives the com plants a zone ofhigh
fertility in close proximity to the roots and the high P demands at this stage facilitate P uptake by the roots.
Com grain yield shown in Table 12 reveals a fertilizer effect in the sites testing very low to low in P.
The significance over sites and years was directly affected by the responses in sites 5-12. The average corn
yield increase when fertilizer was applied at the NIRC location (sites 5-8) was 426 kg ha-I. A tillage by
fertilizer interaction was also found to be significant for this location and over four years the no-till benefited
more from fertilizer applications by 375 kg ha- Iover the chisel till. Fertilization at the NWRC location (sites 9-
12) produced an average grain yield increase of 1504 kg ha-1 over the control. At this location there were large
yield differences between the fertilizer and control treatments but no significant differences in the response to P
between tillage systems were found. There were no significant responses to placement in com yield over sites
and years and the interaction tillage by placement was never significant. Four sites had a small response to
placement but the trends were not consistent to any placement method. The starter placement produced higher
yields at sites 9 and 13 and the deep-band produced higher yields at sites 5 and 14. In soybean there were also
grain yield responses to fertilizer in the sites with low testing soils (Table 13). The soybean grain yields were
increased from 154 kg ha-1 to as much as 413 kg ha-1 in the fertilized treatment. The analysis by location
indicated a significant fertilizer effect at the NIRC and NWRC locations. The NIRC location (sites 5-8)
produced an average yield increase of225 kg ha-1 in fertilized plots over the control. The average increase in
soybean yield at the NWRC location was 326 kg ha-1 when fertilizer was applied. Again it is important to note
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Table 12. Grain yield of com as affected by P fertilization and placement.
Means of Grain Yield
No-till Chisel Statistics t
Site C B D S C B D S FERT PLACE
___________________________________ kg ha-1-----------------------------------
----- P>F -----
8239 8427 8704 9018 9120 9033 8926 9064 0.47 0.49
2 6571 7016 7063 6737 7089 6920 7170 6956 0.23 0.17
3 10133 10170 10110 9939 10975 10707 10667 10418 0.12 0.55
4 10365 10635 10854 10486 11403 11184 11333 11174 0.62 0.31
5 9597 10133 10403 9949 9521 9778 9673 9000 0.07: 0.06
6 8759 9277 9391 9138 8869 9575 9318 9561 0.00: 0.99
;
7 8862 9530 9604 9543 9321 9405 9475 9655 0.00: 0.63
.. 8 6705 7372 7539 7251 7165 7554 7469 7017 0.01: 0.24
9 8267 9048 8691 9018 7644 8939 8376 9124 O.OO§ 0.05
10 6209 7257 7003 6891 6690 7272 7249 7341 O.OO§ 0.85
11 5223 7701 7662 7757 6386 8126 8345 8230 O.OO§ 0.41
12 6403 8971 8621 8736 7304 9399 9300 9405 O.OO§ 0.68
13 9522 9496 9738 9936 10165 9863 9925 10755 0.79 0.04
;: 14 8202 8065 8533 7839 7800 7550 7774 7143 0.40 0.02
15 9548 9664 9260 9477 9663 9217 9918 8988 0.47 0.72
16 8970 8921 9002 9261 9362 9729 9497 9417 0.51 0.89
17 10502 10788 10498 10378 10862 10674 10653 10685 0.73 0.45
18 10656 10131 10563 10249 10001 10378 10405 10125 0.97 0.27
19 9717 9833 9685 9487 10130 10450 10297 10344 0.40 0.21
20 10465 10681 10731 10426 10790 11325 11239 11115 0.05 0.64
M 8646 9156 9183 9076 9013 9354 9350 9276 0.00 0.10
t Analysis over tillage system by site and over sites and years. The interaction tillage by placement was never
•
significant (P<O.1); FERT= fertilizer effect (all fertilized treatments vs. control); PLACE= placement effect.
t Analysis by location over 4 years indicates a significant tillage by fertilizer interaction (P<O.I).
§ Analysis by location over 4 years indicates a significant fertilizer effect (P<O.I).
C= Control, B= Broadcast, D= Deep-band, S= Starter
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Table 13. Grain yield of soybean as affected by P fertilization and placement.
Means of Grain Yield
No-till Chisel Statistics t
Site C B D S C B D S FERT PLACE
-__________________________________ kg ha-1___________________________________
----- P>F -----
3588 3576 3726 3709 3737 3803 3747 3704 0.52 0.97
2 2774 2908 2786 2997 2915 2800 2824 2979 0.76 0.08
3 4149 4244 4107 4128 4180 4215 4227 4224 0.51 0.63
4 4086 4187 4205 4118 4121 4165 4175 4151 0.19 0.80
5 2940 3315 3210 3088 3041 3203 3114 2938 0.07: 0.12
6 3616 3630 3702 3722 3540 3746 3624 3686 0.13: 0.84
;-
7 2449 3146 3086 3037 2736 3044 2998 2963 0.00: 0.50
8 2654 2864 2861 2796 2787 2956 3023 2939 0.00: 0.36
9 2586 2904 2756 2646 2360 2701 2780 2756 0.00: 0.71
10 2852 3011 2998 3047 2481 2789 2814 2799 0.00: 0.84
11 1761 2011 2176 2217 1844 2202 2126 2255 0.00: 0.14
12 2318 2786 2753 2735 2360 2813 2689 2737 0.00: 0.57
13 3698 3621 3694 3796 3929 3935 3977 3886 0.98 0.80
~ 14 4148 4018 4006 4106 3898 3972 3981 3994 0.76 0.17
15 3182 3214 3260 3236 3308 3397 3365 3273 0.13 0.37
16 3843 3851 3757 3869 3787 3854 3849 3875 0.61 0.33
17 4153 4129 4069 3999 4153 4152 4161 4115 0.35 0.35
18 3639 3575 3613 3676 3531 3566 3486 3496 0.63 0.88
19 3665 3741 3741 3676 3612 3637 3623 3540 0.42 0.05
20 3921 4038 3957 4015 3840 3939 4013 3943 0.01 0.95
M 3301 3438 3423 3431 3308 3444 3430 3413 0.00 0.20
t Analysis over tillage system by site and over sites and years. The interaction tillage by placement was never
•
significant (P<O.1); FERT= fertilizer effect (all fertilized treatments vs. control); PLACE= placement effect.
~ Analysis by location over 4 years indicates a significant fertilizer effect (P<O.I).
C= Control, B= Broadcast, D= Deep-band, S= Starter
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that low testing soils affected the significance over sites and years. There was seldom any response of soybean
to P placement. The responses at sites 2 and 19 were small with little overall significance.
The low testing soils resulted in greater response to the applied P. The corn yield differences when P
was applied at nine sites (Table 12) can be explained by the STP ranging from very low to low. The soybean
response in sites 5, 7-12, and 20 (Table 13) also had very low to low STP and responded to fertilizer
applications. Although the placement of P fertilizer was a significant factor for the small growing plants, it was
not a factor for grain yield. In the low testing soils the soil P was insufficient to supply the needs of the plant
and the roots may have proliferated to fertilized zones of soil. This proliferation to zones of high P fertility
could have occurred in anyone of the three placement methods. Iowa soils are known to possess a low to
moderate P sorption capacity. This would increase the P use efficiency of the plant to different placement
methods.
Soil Test Potassium
Soils were optimum to very high in STK for all sites and years (Table 4). In this study tillage did not
change the stratification of K between the two soil depths. The placement of K fertilizer did not change the
stratification of STK between the two depths (Table 14). The levels of stratification were nearly equal between
the control and the three placement methods. This effect was consistent over all locations and is in sharp
contrast to the results for P (Table 9). This difference could be explained by the much higher and faster
recycling of K in crop residues.
Potassium Fertilization and Placement
The fertilization and placement of K had a clear but much lower effect on early growth of corn and
soybean when compared with P (Tables 15 and 16). Only four sites had larger corn plants when K fertilizer
was applied. Significant responses at four other sites are difficult to explain. Although the effect of fertilizer
over sites and years was significant, the average dry weight difference between the control and fertilizer
treatments was small. The placement effect for com was not significant over sites and years. The data for the
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Table 14. Soil test K as affected by fertilizer placement.
Soil Test K
.....
0-7.5 cm 7.S-15 cm Statisticst
Site Location C B D S C B D S PL DP PL*DP
----------------------------_ mg kg-1 ------------------------------ ----- P>F -----
3 NERC 145 194 167 205 113 112 142 140 0.06 0.00 0.04
4 128 220 173 190 99 115 121 112 0.00 0.00 0.00
7 NIRC 166 160 180 217 168 158 152 154 0.11 0.00 0.01
8 160 171 182 174 147 135 153 143 0.70 0.00 0.10
11 NWRC 196 281 227 198 170 164 183 170 0.03 0.00 0.00
• 12 297 291 292 271 226 197 235 215 0.96 0.00 0.75
15 SERC 173 211 198 225 123 138 159 183 0.33 0.00 0.43
..
16 162 202 250 187 128 140 160 137 0.00 0.00 0.00
19 SWRC 266 264 394 286 168 213 224 168 0.08 0.00 0.53
20 291 385 432 255 172 206 292 221 0.00 0.00 0.23
Means 198 238 249 221 152 158 184 164 0.09 0.00 0.54
t Analysis by site and over sites and years for no-till plots in bean residue; PL= placement effect; DP= depth
..
effect; PL*DP= depth by placement interaction.
C= Control, B= Broadcast, D= Deep-band, S= Starter
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Table 15. Early growth of com as affected by K fertilization and placement.
..
Means oCPlant Dry Weight
No-till Chisel Statistics t
Site C B D S C B D S FERT PLACE
___________________________________ g pr1___________________________________
----- P>F -----
2.28 2.36 2.18 1.74 2.16 2.27 2.32 2.65 0.85 0.76
2 1.87 2.00 2.43 2.34 2.39 2.26 2.30 2.39 0.25 0.09
3 1.34 1.11 1.27 1.01 1.10 1.50 1.22 1.31 0.84 0.18
4 0.87 0.89 1.22 1.19 3.50 3.38 3.58 3.38 0.59 0.23
5 3.47 3.43 3.67 3.00 2.47 2.62 2.46 2.52 0.95 0.50
6 1.80 1.96 1.95 2.05 1.71 2.00 2.01 2.03 0.20 0.93
•
7 2.24 2.47 2.79 2.71 2.80 2.90 2.87 3.00 0.07 0.39
• 8 3.81 3.55 4.10 3.50 5.05 4.84 5.76 5.13 0.89 0.05
9 1.61 1.60 1.58 1.53 2.09 2.22 2.20 1.89 0.84 0.04
10 2.22 2.76 2.52 2.89 2.56 3.10 3.28 3.44 0.00 0.03
11 1.60 1.62 1.89 1.69 1.81 1.92 1.96 1.87 0.44 0.48
12 2.09 2.82 2.77 2.53 3.69 4.57 3.68 3.77 0.01 0.00:
13 2.18 2.30 2.11 2.39 2.72 2.48 2.32 2.25 0.54 0.71
..
14 3.71 3.12 3.70 4.04 3.25 3.81 0.82 0.013.23 3.24
15 2.23 2.57 2.35 2.32 3.78 3.52 3.29 3.41 0.66 0.50
16 1.22 1.22 1.44 1.24 2.69 2.62 3.01 2.64 0.51 0.01
17 2.18 2.55 2.10 2.08 2.34 2.28 2.12 2.10 0.78 0.14
18 4.82 4.66 4.17 4.64 4.07 4.31 4.10 4.36 0.69 0.06
19 2.97 2.76 2.83 2.65 3.31 3.50 3.39 3.59 0.86 0.98
20 0.96 0.83 0.97 0.97 1.24 1.28 1.30 1.40 0.71 0.15
M 2.27 2.33 2.40 2.32 2.74 2.84 2.82 2.85 0.08 0.47
t Analysis over tillage system by site and over sites and years; FERT= fertilizer effect (all fertilized treatments
i vs. control); PLACE= placement effect.
t Analysis by site indicates a significant tillage by placement interaction (P<O.I).
C= Control, B== Broadcast, D= Deep-band, S== Starter
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Table 16. Early growth of soybean as affected by K fertilization and placement.
Means of Plant Dry Weight
No-till Chisel Statistics t
Site C B D S C B D S FERT PLACE
__________________________________ g pl-I-----------------------------------
----- P>F -----
2.97 2.56 2.43 2.33 2.53 2.70 2.84 2.98 0.43 0.97
2 1.09 1.04 1.17 1.01 1.58 1.37 1.41 1.64 0.36 0.22
3 1.93 1.87 2.07 2.22 2.46 2.33 2.38 2.39 0.90 0.22
4 0.72 0.68 0.72 0.65 0.87 1.01 0.99 1.01 0.21 0.74
5 2.27 2.40 2.49 2.31 2.33 2.39 2.15 2.33 0.82 0.88
6 1.64 1.30 1.50 1.37 1.52 1.81 1.86 1.55 0.86 0.07
;
7 1.95 1.62 1.77 1.77 1.86 1.83 1.86 1.88 0.45 0.74
;; 8 0.88 0.76 1.00 0.91 1.11 1.17 1.14 1.18 0.65 0.29
9 3.40 4.10 3.72 4.25 3.96 4.42 4.61 4.75 0.03 0.42
10 0.98 1.16 1.22 1.11 1.13 1.23 1.27 1.25 0.04 0.56
11 1.50 1.47 1.47 1.39 1.85 1.83 1.80 1.85 0.69 0.94
12 1.31 1.19 1.37 1.23 1.22 1.31 1.41 1.23 0.71 0.05
13 3.01 3.35 3.34 3.36 3.77 3.61 3.36 3.45 0.88 0.65
.- 14 1.24 1.48 1.54 1.50 1.55 1.71 1.71 1.54 0.05 0.43
15 1.40 1.31 1.34 1.10 1.45 1.52 1.56 1.50 0.69 0.15
16 1.83 1.69 1.86 1.90 3.26 2.78 3.14 2.89 0.30 0.20
17 5.21 4.82 4.61 5.14 5.09 5.05 4.62 5.23 0.48 0.20
18 2.21 2.11 2.37 2.09 2.50 2.61 2.74 2.74 0.48 0.27
19 1.38 1.25 1.30 1.26 1.25 1.27 1.26 1.38 0.71 0.56
20 2.12 1.67 1.98 1.91 2.89 2.45 2.67 2.77 0.08 0.10
M 1.95 1.89 1.96 1.94 2.21 2.22 2.24 2.28 0.82 0.21
t Analysis over tillage system by site and over sites and years. The interaction tillage by placement was never
•
significant (P<O.1); FERT= fertilizer effect (all fertilized treatments vs. control); PLACE= placement effect.
C= Control, B= Broadcast, D= Deep-band, S= Starter
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eight responsive sites in Table 15 shows there were no consistent responses to one placement and sometimes
suggest negative effects of banding. Similar results for the fertilizer and placement effects on soybean can be
concluded from Table 16. Although at three sites K increased plant dry weights, responses at three other
responsive sites were erratic and difficult to explain. It is likely the STK for these sites was high enough to
supply all the needed K for early growth of com and soybean. It is possible that the physiological demand for K
was not important early in the growing season. The function ofK in the plant is known to maintain optimal
water relation, cation-anion balance, and carbohydrate synthesis. According to early studies conducted in Iowa
the uptake ofK early in the season is variable. In one study, uptake ofK in com was very rapid early and
slowed as the season progressed. Another study showed soybean has very slow K uptake early in the season
(Hanway, 1962; Hanway and Weber, 1971). It can be concluded that the use ofK fertilizer to increase early
growth of com and soybean should not be recommended in high testing soils.
The effect ofK fertilization on com yield was significant over sites and years (Table 17). Responses
were similar for the two tillage systems. The average yield increase from K fertilizer over sites and years was
314 kg ha"l. The analysis by location also proved to be significant when K fertilizer was applied for all research
centers. There was a small but significant placement effect for com yield. The deep-band placement increased
yields over the broadcast and starter placements. Although placement was seldom significant in the analysis by
site, the deep-band placement increased com yields by an average of 129 kg ha- I over the other placements over
sites and years. Analysis by location (over 4 years) showed placement differences at two locations. In one
location (SERC, sites 13-16), an average com yield gain of262 kg ha- I was achieved when deep-band was
applied. The other location (SWRC, sites 17-20), resulted in an average com yield gain of 137 kg ha"1 with the
deep-band placement. The soybean yield response to fertilization was also significant over sites and years
(Table 18). Sites 5-8 (NIRC) showed consistent responses toward K fertilizer applications. For these sites the
soybean yield averaged 112 kg ha- I higher when fertilizer was applied. The results of the analyses by location
showed that all but one location were responsive to K fertilizer applications. The deep-band placement
produced higher soybean yields over other placement methods. Although, the analysis by site showed few
significant placement differences. There was a small but significant effect to placement over all sites and years.
The analysis by location (over 4 years) showed a significant placement effect at the NWRC and SERC
locations. The soybean yield increase from using deep-band at the NWRC location (sites 9-12) was small,just
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Table 17. Grain yield of com as affected by K fertilization and placement.
i
Means of Grain Yield
..
No-till Chisel Statistics t
Site C B D S C B D S FERT PLACE
---------------------------------- kg ha-1----------------------------------- ----- P>F-----
8417 8526 8890 8219 8808 9204 8896 9001 0.27~ 0.50
2 6867 6778 7039 6871 6972 6739 6856 6890 0.65~ 0.46
3 9965 10083 10228 9780 10186 10512 10380 10415 0.18~ 0.57
4 10186 10429 10898 10879 10726 11216 11349 11428 O.OO~ 0.08
5 10148 10495 10558 10725 10254 10514 10086 10814 0.14t 0.22
6 9409 9590 9904 9869 9980 10032 10125 9930 0.06t 0.45
7 9552 9915 9953 9897 9342 9342 9888 9824 O.oot 0.13
• 8 6675 7295 7368 7453 6842 7044 7445 7016 O.oot 0.66
9 10158 10040 10193 10068 10490 10507 10482 10418 0.83t 0.23
10 6834 7158 7046 6968 7004 7263 7378 6983 0.02t 0.08
11 7366 7286 7314 7194 7691 8052 7937 8192 0.38t 0.45
12 7545 7820 8135 8119 7812 8013 8097 8170 0.05t 0.53
13 10327 10405 10490 10242 10422 10922 10577 10693 0.24t 0.54§
.. 14 8202 8352 8729 8248 7741 8071 8709 8283 O.Ol t 0.22§
15 8667 9522 10046 9601 9044 9703 9872 9915 O.oot 0.11 §
16 8644 9087 9388 9417 9190 10008 10462 9880 O.oot 0.28§
17 10242 10107 9922 10360 10525 10454 10702 10398 0.67t 0.54§
18 9387 9756 9931 9398 9790 9811 10137 9741 0.10~ O.OO§
19 9521 9795 9965 9764 9891 10570 10422 10486 0.02t 0.57§
20 10264 10583 10495 10047 10002 10716 10769 10519 0.06t 0.33§
M 8919 9151 9325 9156 9136 9435 9528 9450 0.00 0.00
t Analysis over tillage system by site and over sites and years. The interaction tillage by placement was never
•
significant (P<O.l); FERT= fertilizer effect (all fertilized treatments vs. control); PLACE= placement effect.
~ Analysis by location over 4 years indicates a significant fertilizer effect (P<O.I).
§ Analysis by location over 4 years indicates a significant placement effect (P<O.I).
C= Control, B= Broadcast, D= Deep-band, S= Starter
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Table 18. Grain yield of soybean as affected by K fertilization and placement.
• Means of Grain Yield
No-till Chisel Statistics t
Site C B 0 S C B 0 S FERT PLACE
----------------------------_______ kg ha-I___________________________________
----- P>F -----
3920 3871 3976 3816 3884 3836 3961 3929 0.99~ 0.07
2 2867 2901 2935 3012 2705 2845 2634 ·2683 0.42~ 0.40
3 3933 4055 4070 3961 4099 4223 4235 4277 0.03~ 0.84
4 3983 4201 4028 4100 3775 3960 4042 4035 O.OO~ 0.50
5 2972 3150 3197 3239 2868 3137 2975 3057 O.OO~ 0.64
6 3429 3340 3533 3492 3162 3526 3313 3420 0.09~ 0.87
7 2366 2705 2841 2884 2543 2757 2824 2922 0.00: 0.02
• 8 2509 2644 2662 2644 2613 2818 2859 2810 0.01: 0.92
9 2840 2861 2954 2952 2871 2850 2996 2851 0.34~ 0.44§
10 2864 3024 3061 2938 2855 2877 2882 2926 0.01: 0.32§
11 1979 2102 2268 2227 2149 2134 2351 2176 0.01: 0.05§
12 2617 2630 2651 2540 2604 2713 2757 2822 0.18: 0.28§
13 4088 4058 4122 4163 4047 4139 4184 4098 0.21: 0.23§
.. 14 3772 0.22: 0.64§3816 3905 3781 3764 3864 3815 3812
15 3539 3473 3570 3459 3485 3470 3548 3411 0.69: 0.07§
16 3425 3497 3527 3376 3508 3572 3656 3602 0.14: 0.05§
17 4370 4140 4372 4305 4331 4179 4146 4330 0.03 0.06
18 3629 3657 3578 3542 3659 3625 3724 3742 0.99 0.98
19 3441 3497 3478 3478 3406 3321 3356 3315 0.72 0.58
20 3772 3893 3832 3886 4064 3958 4064 4087 0.64 0.68
M 3316 3376 3428 3390 3320 3390 3416 3415 0.00 0.02
t Analysis over tillage system by site and over sites and years; FERT= fertilizer effect (all fertilized treatments
it vs. control); PLACE= placement effect.
~ Analysis by location over 4 years indicates a significant fertilizer effect (P<O.I).
§ Analysis by location over 4 years indicates a significant placement effect (P<O.I).
C= Control, B= Broadcast, D= Deep-band, S= Starter
;•
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77 kg ha-1 over other placements at this location. At the SERe location (sites 13-16), the average increase in
soybean yield with deep-band over the other placements was 67 kg ha- I •
The response to K fertilization in both crops was unexpected with optimum to very high levels of K in
the soil. Hanway and Weber (1971) showed in soybean that fertilizer applications increased the accumulation
ofK in the plant at maturity. Ifan increase in K uptake due to fertilizer applications occurred, grain yield could
also have increased by utilizing a larger source of vegetative K to remobilize for grain production. The effects
of deep-banded K on yields resulted in small but consistent responses. It may be explained by the ability of
com and soybean to utilize the K fertilizer during the later stages ofgrowth. Although the STK was very high
in some sites, the concentrated deep-band of fertilizer could have allowed for greater fertilizer use efficiency at
critical reproductive periods ofgrowth. The small but frequent corn and soybean responses to K fertilization
and deep-band placement shown in this study deserve further research. If responses can be confirmed by
additional research, these results imply that modifications are needed to Iowa's K fertilizer recommendations.
i•
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CONCLUSIONS
The results of this study showed that soil P stratification was reduced significantly when P fertilizer
was deep-banded. Other placement methods only maintained stratification in the 0-15 cm depth. In addition to
reducing stratification, deep-banding is an environmentally sound placement method for P. Stratification was
not affected by placement of K fertilizer. The greater recycling of K in crop residue compared with P could
explain this result. Tillage did not significantly effect the level of stratification of either nutrient between the 0-
7.5 and 7.5-15 cm depths.
The chisel till consistently produced larger com and soybean plants than no-till. The advantage in dry
weight at the V5 growth stage was 0.5 and 0.3 g1plant in com and soybean, respectively. There was a
significant benefit of tillage to com grain yield. The chisel till produced larger yields in most sites and years.
The overall yield difference between tillage systems favored chisel till by 187 kg ha·1• Although, some
locations (over 4 years) produced as much as 345 kg ha-1 more with chisel tillage. These larger yield
differences were likely caused by an increased buffering capacity with chisel till under adverse growing
conditions when compared to no-till. Fertilization and placement seldom influenced differences in tillage. The
tillage by placement interaction was not significant over all sites and years. The tillage by fertilizer interaction
was significant in one location over four years. At this location (NIRC), com grain yields showed a larger
response to P fertilizer applications in the no-till compared to the chisel. Additionally, the responses of early
growth to banded P and grain yield to deep-band K usually were larger in no-till.
Early growth of com and soybean was increased by applications of P fertilizer at most sites even when
STP was high. The increase in early growth was more apparent with the starter placement. This result
coincides with the results of other research conducted in the northern Com Belt when com and soybean are
grown using conservation tillage. The response of grain yield for com and soybean to P fertilizer was
significant only in soils testing low to very low in P. This study shows additional evidence there is little
economic justification for applying P fertilizer when STP is at or above optimum levels (16-20 mg kg-I), even
under no-till management. The P placement did not influence com or soybean yields. Grain yields did not
increase as a result of larger plants early in the growing season. The length of the growing season and adequate
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growing conditions more than likely allowed for com and soybean plants to compensate for any lost growth
during May and early June.
Potassium fertilizer and placement had no major effect on the early growth of com and soybean. It is
likely the soils of the study had more than adequate levels of K in the soil to support early growth for both
crops. A response to grain yield occurred despite soil test levels for K were optimum to very high according to
current soil test interpretations. Although yield increases from deep-banding were small and seldom significant
in the by-site analysis, responses were significant in analyses by location and over sites and years. It seems
likely that the deep-banded K increased available K to the plant later in the season. Results from the
predominantly high testing soils of this study suggest that application ofdeep-band K could potentially have a
profound effect on yield when soil test levels are below optimum.
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